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b.) Remarks 

Claims 1-3 1 are pending in this application. Claims 1, 1 1-22 have been 
amended in various particulars as indicated hereinabove. 

Neither Marshall nor Church discloses or suggests that a welding wire can work 
in an alternating current GMAW process. All Welding Textbooks and Encyclopedias 
teach that GMAW is practiced with direct current in DCEP configuration (attached are 2 
pages from Welding Encyclopedia). The difficulty with AC (or even DCEN) welding is 
rooted in overcoming the instability of the arc during the negative half of the AC 
cycle. Marshall and Church talk ONLY about the DCEP welding configuration in direct 
current and never suggest that their wires can be used in AC, which is consistent with the 
existing knowledge in the industry. Church in Col. 7 line 34 says that his electrodes were 
E 70 S6 and E 70 S7, which means that the Church welding process is DCEP (attached 
AWS specification confirms that these wires work only in DCEP, please see the 
secondnd and the sixth pages). 

It was discovered that the claimed composition works in GMAW AC 
configuration, as claimed, as claimed in amended Claims 1 and 1 1 which refer to a "gas 
metal arc" welding process. 

Additionally, Applicant emphasizes that the Church electrodes contain no 
Potassium or its compounds at all (as follows from the same AWS specification I 
provide). 

Additionally, with regard to Marshall, Applicant asserts the following: Marshall 
mentions that each one of such compounds as graphite, sodium titanate, potassium 
titanate can be an arc stabilizer in DCEP welding, Conventional metal cored wires, such 
as in Marshall, are formulated for DCEP and use a whole host of arc stabilizers, generally 
metallic in nature to avoid access slag formation. This invention, like, for example, in 
Claim 2 and Claim 15, uses a non-metallic compound K 2 MnTi0 4 , which is not usually 
acceptable for DCEP, but in combination with graphite it changes the plasma column in 
such a way that the arc remains stable in the negative cycle of the AC GMAW process, 
overcoming the age old stumbling block. There is a big difference between potassium 
titanate and potassium manganese titanate which Applicant claims. 
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Applicant is convinced that these reasons distinguish the pendingclaims from Church and 
Marshall, 

Applicants believe that the present application is in condition for allowance. A 
Notice of Allowance is respectfully solicited. Should any questions arise, the Examiner 
is encouraged to contact the undersigned. 



Respectfully submitted, 



HOUSTON ELISEEVA LLP 




Maria M. Eliseeva 
Registration No.: 35,900 



Tel.: 781 863 9991 
Fax: 781 863 9931 



4 Militia Drive. Suite 4 
Lexington, Massachusetts 02421 
Date: May 25, 2004 
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Specification for 
Carbon Steel Electrodes and Rods 
for Gas Shielded Arc Welding 



Supersedes ANSI/AWS A5.18-93 
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AWS Technical Activities Committee 



Approved by 
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Abstract 

This specification prescribes the requirements for classification of solid carbon steel electrodes and rods, composite 
stranded carbon steel electrodes, and composite metal cored carbon steel electrodes for gas shielded arc welding. Classi- 
fication is based on chemical composition of the electrode for solid electrodes and rods, chemical composition of weld 
metal for composite stranded and composite metal cored electrodes and the as- welded mechanical properties of the weld 
metal for each. Additional requirements an included for manufacture, sizes, lengths, and packaging. A guide is appended 
to the specification as a source of information concerning the classification system employed and the intended use of the 
electrodes and rods. 

This specification makes use of bofo US. Customary Units and the International System of Units (SI), Since these 
units are not equivalent, each system must be used independently of the other. 



/ 

l 
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23 ISO Specification* 3 

ISO 864 An weldinp-SoUd and tubular cored 
wires which deposit carbon and carbon 
manganese steel— Dimensions of wires, 
spools, rims, and coils 



3. Classification 

11 The solid electrodes{and rods) covered by the A5.18 
specification utilize a classification system based upon 
U.S. Customary Units and are classified according to the 
chemical composition of the electrode, as specified in 
Table 1, and the as-welded mechanical properties of the 
weld metal, as specified in Tables 3 and 4. The composite 

3. ISO rianduds can be obtained from the American National 
Standard! Institute 1 1 Wssl 42nd Street, New York, NY 10036, 



stranded electrodes and composite metal cored electrodes 
covered by this specification also utilize a classification 
system based upon U.S. Customary Units and are classi- 
fied according to the chemical composition and mechanical 
properties or the weld metal as specified in Tables 2, 3, 
and 4 and the shielding gas employed. 

3JM The solid electrodes (and rods) covered by the 
A5.I8M specification utilize a classification system 
based upon the International System of Units (SI) and are 
classified according to the chemical composition of the 
electrode, as specified in Table 1, and the mechanical 
properties of the weld metal, as specified in Tables 3 and 
4. The composite stranded electrodes and composite 
metal cored electrodes covered by this specification also 
utilize a classification system based upon the Inter- 
national System of Units (SI) and are classified accord- 
ing to the chemical composition and mechanical 
properties of the weld metal as specified in Tables 2, 3, 
and 4 and the shielding gas employed. 



Table 1 

Chemical Composition requirements for Solid Electrodes and Rode 



AWS awm ^ tton V UNy , Weight Percent" 

Number, g ty* Si rcfrjjj s" N j " tr ," ' y J ~^T~ 1T • -y 

to ^ 3 ! ™ J? ■^ l MW:.W'*»,«d- , w ** D t f Q £ *? 

: w * m L ; - •• ';%>^ ' r i- " m on m 

- . ■ . - ■ u.o* Mm - n : 4i . %i : :; :t"- : - " - - : : 

ER7ffi5-5. E!bJflS r 3- Knmt . | P ' : .^^3: ' (L^5 <V.U IU5 ' 6/15 dinW"^ 

: • .. "'• ... -fUte:-: ijjii "Sfiji-" . •' ' - : i ' " •■ 

ER70SM EH£*5^f ^ V^^»tt;40^ -ftttf 1*1$ 0:ii" * 

ER70S-O ER4KH3 -NotSpcdfledr 

Nctw — __ , — 

a. Single viJuca are maximum. 

b. The letter "N- ui nflii 10 s dassinaulap indicate* that I he weld metal h Intended (bribe com belt rcrion of nuclear mom waul.. « **«,Tvwi 
* ^?,™ 10 thC ™» ^n^cv ihe limits on the phosphor md c^T» fa 1^1 ^ ^ dWCnbC<J 
P * 0.01 2% maximum ^ 

Cu » tuw* maximum 
c SAE/ASTM Unified Numbering Symem fcr Metali and Alloys. 

4 ^WerducUi wiy coiling an Ike electrode or rod plus the capper con kin! of tin man n»mj luair ■haD not exceed the MMod riso* m.. 

e ^d^a^an, iht mulmun, Mnrmy e*«cdZO<*. ythdi^Mm m^lmumCmwr* reduced aoT* £SSn WM n iht«,r 
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Table 2 

Chemical Composition Requirements lor Weld Metal from Composite Electrodes 



AWS Classification* 



AS.18 



AJ.18M 



- UNS 
Number* 



Shielding 
Gas* 



Weighl Percent - 



C Ma Si 



NP Cr* Mo* V* Co 



Multiple Pus Classifications 



E70C-3X E48C-3X W17703 75-80* Ar/Balance 8.12 1.75 0.90 0j03 Q.03 050 0.20 0.30 0.08 0,50 
O0 a ofC0 2 

E70C-6X EA8C4X W07706 75-<0% Ar/Balance 0.12 1,75 0.90 0.03 0.O3 0J0 a20 0J0 0,08 050 
CQjwCOj 



E70OG(X) E48GG(X) — 
Single Pass Classifications 
E70C-OS(X) E4BC-GS(X} 



-Nw Specified*- 



f 



-Not Specific^. 



Notes: 

a. Hie final X show n in the dnwi fkstlon represents * "C" or "M" which correspond* to the shkl iiinjjgw with which the electrode is d ssjUfled. The use 
at T designate* 100% CO* shielding <AWS A3J2 Ctass SC-q. "M" designates 15-80* M balance COj (AWS A3 ,32 Class SG-AC-Y. where V 
i# 20 in 25). For ETOC-G (E4W>0) and E70C-0S 1E4HC-OS], I he fino! "CT or "M" may be omiued if these gases are not used for dissrfictiloa. 

b. SAE/ASTM Unified Numbering System ret Men bind Alloys. 

c. Use aft shielding gas other titan that specified will result in different wold metal composition. 
<L Single vi ba are maximums, 

c. The turn of Ni, Cr, Mo, and V shell not exceed ttSr%. 

f. Shielding gas shell be w agreed upon between purchaser and mpplicr, unless ded grated by the Cw M wIBr. 

g. Composition shall be reported; the requirements are those agreed to between purchaser sod supplier. 

h. The coin position of weld meiat from this dwudficmUon is not specified sine* decirodesof this dunifica lion arc intended only for single pass welds. 
Dilution, In such weld*, usually in quite high. 



32 Electrodes and rods classified under one clwsifl ca- 
tion shall not be classified under any other classification 
in this specification, excepi that composite stranded elec- 
trodes or composite metal cored electrodes classified as 
E70C-XC [ E48CXC] may also be classified as E70C-XM 
[E48C-XM], or vice versa, provided the product meets 
the require menus of both classifications. 

33 The welding electrodes and rods classified under this 
sperifcatioo are intended for gas shielded arc welding, 
bet thru is not to prohibit their use wilh any other process 
(or any other shielding gas, or combination of shielding 
gases) for which they are found suitable. 



4, Acceptance 

Acceptance 4 of the electrodes and rods shall be in 
accordance with the provisions of AWS A5.01, Filter 
Metal Procurement Guidelines. 



5. Certification 

By affixing the AWS specification and classification 
designations to the packaging, or the classification to the 
product, the manufacturer certifies that the product meets 
the requirements of this specification. 3 



6. Rounding-Off Procedure 

For the purpose of determining conformance with this 
specification, an observed or calculated value shall be 
rounded to the nearest 1000 psi [10 MPa] for tensile and 
yield strength, and to the "nearest unit* in the last right- 
hand place of figures used in expressing the limiting 
value for other quantities in accordance with the round log- 
off method given in ASTM E 29, Standard Practice for 
Using Significant Digits in lest Data to Determine Con- 
formance with Specifications. 



4. See Section A3, Acceptance (to Annex A) for further infor- 
mation concerning acceptance, testing of the material shipped, 
andAWSAS.01. 



5, Sec Section A4, Certification (in Annex A) for further infer- 
mation concerning certification and the testing called for to 
meet this rtquhcmetit. 
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Table 3 

Tension Test Requirements (As Welded) 


AWS Classification 1 




Tensile Strength 
(minimum) 


Yield Strength 6 
(minimum) 


EJocgaiion** 


A5.18 


A5.18M 


Shielding Gas 


pa 


MPa 


P* 


MPa 


- Percent 
(minimum) 


ER70S-2 
ER70S-3 
ER70S-4 
ER70S-6 
ER70S-7 


ER4B5-2 
ER4SS4 
ER48S-4 
ER46S-6 
ER48S-7 




70000 


480 


58 000 


400 


22 


ER7GS-0 


ER4SS-G 


d 


70 000 


480 


56 000 


400 


22 


B70C-3X 
E7DC-6X 


B48C-3X 
E48G6X 


75-40% At/balance C0 2 
orC0 2 


70000 


480 


58000 


400 


22 


ETOC-G(X) 


E48C-CKX) 


ri 


70 000 


480 


58 000 


400 


22 






d 


70 000 


480 


Not Specified 


Not Specified 



Tie flaalX aiown En the cUsrifictUu represents a *C or "M" which corrwpond, to the bidding gas with which the electrode is cbstified The 
^reYI R 20to2S^PerE7OC.G[B4Jk^GIandE70C^S[E48C ^ 

c. CO5 c carbon dioxide xhletdiog gas (AWS A5 JJCIaM SO-Q, The use or QO, for daadfluifon ouraiwm shall not be construed i» »«tnA. .».. 
tfA,W(AWSAiJ2a*«^^ 

w Ar/O a , or Ar/CO, m,y r^it In weld metal h-vlng higher tfreagrt. and Welor^idi.TMitng wUh 100% trgon »hid ding (A^A^'S 
SG-A) « require when cln^rknUon (aumg nbwdcfl OTAW only (i« A4.2 in Anna A). 1 *™«<™g 1**3 Uaw 

d. Shu Idiig gas ■halt be u agreed lo between purchaser ond supplier, antem dwignatfd by the C or M nufflx. 



Table 4 

Impact Test Requirements (As Welded) 



AWS Classification 



Average Impact Strength** 
(Minim urn) 



A5.18 



A5J8M 



A5.I8 



A5.18M 



/ ER70S-2 
BR70S-3 
ER70S-4 
ER70S-6 
BR70S-7 


ER48S-2 
ER48S-3 
ER48S-4 
ER48S-6 
ER48S-7 


2Dftlbfat-20T 
20ftlbf»t0*F 
Not Required 
20ft-lbfat-2fJ"F 
20ftlbfai-2O # F 


27Jit^30*C 
27Jat-20'C 
Not Reqidnd 
27JflJ-30"C 
27Jal-30*C 


ER70S-0 
E70C<J(X) 


ER48S-G 
E48C-<KX) 


As agreed between supplier and | 
to agreed between supplier and | 


nirchaser 
wrchaier 


E70C-3X 
ETOCelX 


E48C-3X 
E48C-6X 


20ft-lbfiiO*F 
fflfHWat-ZPF 


27Jat-20*C 
27 J at -3Q*C 


B70OOS(X) 


E48COS(X) 


Nol Required 


Not Required 
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(A) TEST PLATE SHOWING LOCATION OP TEST SPECIMENS (B) GROOVE PREPARATION OFTEST PLATE 



DIMENSIONS 



WELD <t 



WELD £ 



C Specimen Center 

L Length, mln, 

P Point of Temperature Measurement 

R Root Opening 

8 Backup Strip Overlap, min. 

V Backup Strip Thickness, mm. 

X Backup Strip Width, mln. 

T ThrcRnsss 

W WkJBi. min. 

Z Discard, rnjn. 




(C) ORIENTATION OF 
IMPACT SPECIMEN 



SECTION B-B 



(O) LOCATION OP ALL-WELD- 
METAL TENSION 8PECIMEN 



TEST CONDITIONS FOR SOUD ELECTRODES 4 * 



V 



Standard si» e 
Shielding gas* 
Wire feed speed 
Nominal arc voltage 
ResuWng current. DCEP 8 
(DCEP - electrode potftlva) 
Ttp-to-wor1< distance' 
Travel speed . 



0.045 In. 
CO, 

"«01nVrnln*S% 
27 to 31 V 

260to29QA 
3/4±1/atn. 
15*1 eWmln 



(1.2 mm] 
COa 

(190 mm/sec] t s% 
27to31V 
260 to 290 A 

[19±3mmJ 
T5J £ 0.5 mm/sec] 



Via 
cot 

240 injmln 1 5% 
2fltfl3Q V 
33010 360 A 

W4±1/8la 
13 a 1 tnjmln 



[1.6 mm] 
CO, 

[irj0mmfcec)±5% 
26 to 30V 

330 to 360 A 

(19* 3 mm] 
P-SjtO^mnVflQc] 



1. Base metal shall be as specified In Tapta $. 

2. The surfaces to be welded shall be dean. 

3. Prior to welding, the assembly may be preset as shown so that the welded joint wDl be sufficiently flat to tacflttate test specimen 
removal. As an alternative, restraint or a combination of restraint and preset may be used, 

4. Teat conditions for composite electrodes shall be as recommended by tne manufacturer. 

5. Preheat and inter pass temperatures for both solid and composite electrodes shall be as specified in 9.3.1. 



If sizes other than 0.045 In. and 1/1 Bin. [1.2 mm and 1.6 mm) are lasted, wire feed speed (and resulting current), ax voltage, and tte-to- 
wortt distance shall be changed as reeded This Joint configuration is not rewrnmended for electrode sizes smaBer tan 0.035 la (0.9 mm]. 
If shielding gases or blends other than CO* (AWS AS .32 Class SG-C] are used, the wire feed speed (end resulting currant), arc wattage, 



and travel speed are to be as agreed to between purchaser and sup peer, 
a. The required combination of electrode feed rate, arc voltagB. and tb-to-work distance should produce welding currents m the ranges 

shown. Currents substantia!^ outste these ranges suggest errors in land rete. fip-tc-work distance, voltage settings, or in Instrumentation 
0. Distance lro«m the contact tip to the wo*, not from ins shielding gas Cup to the work. 



Figure 1— Groove Weld Test Assembly for Mechanical Properties and Soundness 



6 
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St the low-cumaat levela for each electrode size, the 
ve is nearly Untax. However, at higher welding cur- 
* pattknlarfy with small diameter electrodes, the 
res become nonlinear, progressively Increasing at a 
her rate as Welding amperage increases. This is 
jboted to resistance heating of the electrode exten- 
i beyond the contact tube. 

Wth afl other variables held constant, an increase in 
(Sag current (electrode feed speed) will result in 
Mowing: 

I) Ax increase in the depth and width of the wcW 



■ ftAS METAL ARC WELDING (GMAW) 2g 

/The vast majority of GMAW applications use direct T 

current electrode positive (DCEP). This condition 
I yields a stable arc, smooth metal transfer; relative^ 

ertc^A of penetration for a wide range of welding 

nc-^J^L 011 ™' c ? ectrode negative (DCEN) is seldom T 
used because axial spray transfer is not possible with- 
^ff^^ h»ve had 
acceptance. DCEN has a distinct advantage tflZ 
£22 *»*f <^not be exploited becauwT + 
pnsferis globular. With steels, the trai^ywbe 

3£>t£ £^*^*&>y> to compensate 
f^SS^JS^ 9 ^ ***** ^ wire to make it 
^odc (adding to the cost of the tM^ £ 
bo* c^J^deposinon rams drop, emmS the 

because of the high deposition rate and reduced 



2) Ad increase in the depositioara^ 

3) An increase in the sub of the weld bead 
"oised spray welding is a variation Df the GMAW 
*ss m which the current is pulsed to obtain the 
tota^tfthesTTOymodeofrne^ 

to* are force and deposition rate are exponeo- 
y dependent on current, operation above thotransi- 
current often makes the arc forces uncontroilahk ZT"**"' 

,^?2Lf d overhead positions. By reducing the ^Ay ^stouseBlteriiatin^ with the QMAW 
^ current wfth pulsing, the arc force a^ a^osi- J^ggS i^eraliy^o^s^ ^ 
rates can both h» ■>■>.,...,... , rr*. ^^^^^^^^dw^e^^S 



Recurrent vrfth lailsing, the arc force^toosi. 

1x0 ****** wddsTbe 

J? ■dtt wires, another advantage of noised 
* weldrng is that larger diametor wLTiT 

tenerally no greater man those withHrn&Eer 
^of^. t ^ V8 ?^ ta » ^ lower cost 
Sn^^ C ?L dcp0<uted - Th » 18 ■>» an increase 
^c* . efficiency because of reduced i£ui 

2 khL F** power produces an 

Mart 'ZtS* ^^^^^ectrodecxten- 

IfaSL^! voha « C! wmp«ed to solid wires. 

^mc« tc4erant of operator gnidance 

^L^tlT^ ^ ototos spatter 
" a °P ar «M»> already low in spatter generation?^ 



fr£-L ITL^ugn special wire surface treat- ' 
nwnteniveTeai developed to overcome this problem. 



^of^ * J 15 * 1 to the electrical 

I £l wd(fin « «™ ^th relation to the 
fctoJi 4??** cuneat P° wcr source. When the 



5J» *Jd IU, oonnectedto the poSdve teSi^ 
<"«t current electrode 
•fcWV* """^y tailed rtvtnt polarity. 
*>kj»Z7, i«»neeted to the negative terminal. 

WKN) - MwMy aUed anight polarity. 



AreVbftag.(Aj€Lafigth) 

Anvatow and arv length are terms mat are often 
usedinn«^ 

ever, that they are difrerent even though they are 
i^ed. With GMAW, are length is a^^aSS 
that imist be carefully con^ 
spray^rc mode with argon shielding, an arc that is too 
short experiences rnomentary short circuits. They 
cause pressure fluctuations which pump air into the 
arc stream, reducing porosity orembrittiemem due to 
absorbed nitrogen. Should the are be too long, it tends 

^profiles. A long arc can also disrupt the gas 

Wfch ell variables held constant, are voltage is 
Aiwtfy related to are length. Even though the are 

T*Si ? variablc of bto*™ 1 ^ variable that 
should be controlled, the voltage is more easily moni- 
tored, Because of this, and the normal re^iireiimBiat 
the are voltage be specified in the welding procedure, 



fit 



M 

SI 
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